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(57) ABSTRACT

A memory device mcludes memory banks that each has
multiple rows with row addresses. The memory device also
includes a counter that stores and increments a first row
address of a first row of a first set of memory banks to a
second row address of a second row of the first set of
memory banks in response to a first refresh operation when

the memory device 1s operating 1n a first mode. The memory
device further includes circuitry that blocks incrementing
the second row address to a third row address of a third row
of the first set of memory banks when the memory device
transitions from the first mode to a second mode and the first
refresh operation 1s not paired with a second refresh opera-
tion that 1s performed when the memory device 1s operating,
in the first mode.

9 Claims, 10 Drawing Sheets

80
Y t 82
y RFCap  ( "
12~ _jo
EVEN MEMORY BANKS REFRESH
13~ _js
ODD MEMORY BANKS REFRESH

70 36 94
L ROW ADDRESS \ \
\
B \

84 \ 88
- EVEN BAI\?\ \ \
REFRESH COUNTER | ROW X ROW X+1
54
\-0DD BANK
REFRESH COUNTER | ROW X ROW X+l

92—/ \—96



US 10,431,288 B2
Page 2

(56)

2008/0253212 Al*

20
20

U.S. PATENT DOCUM

4/0064008 Al
4/0064009 Al

20

* cited by examiner

15/0092508 Al

References Cited

10/2008 Iida

3/20
3/20

4 Lee
4 Lee

4/20]

5 Bains

iiiiiiiiiiiiiiiiiiiiiii

G11C 11/406

365/222



US 10,431,288 B2

Sheet 1 of 10

Oct. 1, 2019

U.S. Patent

07 = MOVHd00T
1O oo
<Q0-L>0d 2 S0dn /1 soadn

3(\ | «/g

JOV4H4INI O/1

|

ve | [] 30V443LNI U 1353y
ANVININOD 140 ¥
] OF NIL
dIIN
o T LT 1T ] s
_ Ve 110 K= ONVIANOD V3

TRSERL

9l

CI08INGSA 1041N0D | /108.1NO] 1041NOD f% = <OET>V)
VG| INVE | 22 CINVE] diNve € o
7. 77 T o s 3HD /1D
aNva7] snve | Sivg ] sinve
GOWTNA AYOWIN | LaoWINA AMONIIN - Kﬁ
Z m Z — AUOWIN
Z1 o1 A ol
e T . . o1 U ($)40S53004d |
or—" / 4ITIONINOD




U.S. Patent Oct. 1, 2019 Sheet 2 of 10 US 10,431,288 B2

50
64 @
\_ ACTIVATE ROW ADDRESS
62 68
o8 2 REGISTER
REF,, (EVEN) EVEN BANK
REFRESH
56 COUNTER 0
RERp —SELECTION SIGNAL
ODD BANK \_ee
REFRESH
REF,},(0DD) —— COUNTER
60 ' 54
FIG. 2
80—~

82

'RFCp

le
FVEN MEMORY BANKS REFRESH

13~ I8
ODD MEMORY BANKS REFRESH

/0

SZL 88
EVEN BANK _
REFRESH COUNTER ROW X ROW X+1

54 -

\—0DD BANK
REFRESH COUNTER

92 96
FIG. 3

90




US 10,431,288 B2

ZA 96 26
| ¥3INNOD HSIM4TY
+ -+
Z2+X MOY I+X MOY X MOY | 100 —
G
- HIINNOD HSIY4IY
m CHX MOY 7 THX MO X @om INVE NI~
- 7 oIl / 38 / 78 2G
8 y y y
= SER[] >>o~._J
0¢l 76 ¥l VIT—" gg—~ 98 0L
- HSIY 43 HSIY4TY SHUNYE AHOWIN ado
S u
- e
m HS3Y 43 HSIY43Y SUNVE AMOWIW NIA3
1 _
i 06 2
1204y,
211
N—0I1

U.S. Patent



U.S. Patent Oct. 1,2019 Sheet 4 of 10 US 10,431,288 B2

140\
142 142
‘RFCqy 'RFCqy |
90
12— 18 156
EVEN MEMORY BANKS REFRESH }_L ACT "
| P
137 148 fj’o
ODD MEMORY BANKS ACT T o4 REFRESH
86 | 146~ | |
70L 146 1 -
ROW ADDRESS X % 4 1/
52k 84 \ — . 88
FVEN BANK | \ ,' ; f _J
REFRESH COUNTER ROW X 1| ROW A+l zll

5 92 — 96
ODD BANK | ] 1
REFRESH COUNTER i ROW X 1 ROW X+1

64
~— ACTIVATE 7 B L
ROW ADDRESS 7 ROW A ROW B




US 10,431,288 B2

mﬂJ OEU, . ﬂnmn ﬁlmﬂ \.3;
_ | _
1 MOY 1 MOY | O MOY 0 MOY g MOY | YV MOY \\ 53340V MO
. _ _ _ _ U ME\,_E@J
9
] i , “ __ !
2ty Moy ! | X modl| o, “ X MOY | HIINNOD HSIYAIM
_ - i N . | | MNVE 40 —
- ccl ‘ %6 _ 26 b
o | __ T X | 4IINNOD HSIH4IY
+
z / oeTX MO ;om MNYS EEJ
e
= 25
_.Il SN
&N
= _
3 | SYNVE AMOWIW 440
g o 8y gT
- TENEEN mxzqm AHOWIN  NIA3
| 2
gt/ 8YL sz 9/T N
v mmOn_MnrH v n_mOn_WJ
2/ 2L
N—0/1

U.S. Patent



US 10,431,288 B2

Sheet 6 of 10

Oct. 1, 2019

U.S. Patent

[ Il
¢CC 0¢¢ eld |

A 817 — |
001 MOY

SRENEEN © HSIMAH |
v2z _ 91Z |
HS3443Y HSTY43Y |

vic

\

c0 Nl\

212 |
110 MO mos MOY| 100 MO 000 MOY| ¥3LSIHIY
0Z GOZ rm@

JIVO0T MNVE TVNYALNI

roHN

SNONNN

60¢ 90¢
‘-
[00 MOdY 000 MO
. /

[
aRENEE} sRENEEL SUNVE AHOW4AW ddo
-
aRELEE} aRENEE! SUINVE AHONAN N4AS
80¢ 4414 et



US 10,431,288 B2

60¢ | 90¢
JID0T YNV
_
[I0 MO ﬂo MOd 100 MO Hoo MOy, 000 MOd NN

—
1 A TN VAT R W
. ,_ 262 YA _ / 012
m 001 MOY | 110 MOM 010 MOX _So MOY (000 MOM | HILSIHY
7 “ f%
m R SNV
HSTY 43N HSTY 4T S SECEEC HSIY 43N ORIN 00
N . _
= 22 912 “ _
S _ €1
_ ” _ . SNV
m HSIY 43N HSIY 43 HSTH 4 HSTY 43 m HSIY43Y NI N3N
mmml\

U.S. Patent



US 10,431,288 B2

Sheet 8 of 10

Oct. 1, 2019

U.S. Patent

o Il
€62 12—~ 62 M 602 902
—— — — e R 7
110 MOY | 010 MOY 100 MOY | 100 MOY! 000 ;om“
_
| . |
252 8YC L0z~ |

[I0 MOd | OI0 MOY

_

_

_

HS3HAT SRENTEN HS3Y43Y HSTARY |

_

vze T i

| |

HS3Y43Y RRENTEN HS3Y43Y HSIUARY |

a

vGe 052 y1z—
ovz—"

[00 MOd 000 MOH

GOC
aRENEE

SRENEED

4014

JI90T MNVE
TYNGALINI

roﬁm

EIRNIRE L

rmm

SYNVH
AJONIN 440

-

SYNV
AHOWAN NAA

rmﬁ



US 10,431,288 B2

| o0
| OO
| N
|
|
|
|
|

_
_
o T 118 INVOIHINDIS 1Sv3T m
_ @
. I8C— 3 Nyt T HSTY434-413S OL Xeudd |
- NN —> XT494 OL Xg¥94  ~—28T |
E o \—082 “
m\ﬂu “I_ |||||||| - “
AR ——— e ——— T T T T T T T T, ; Mlm
o —o__ IHSTYATY SHNVE TTV |
._.ZOW_mO ) @ o _
2 @ <X v 9
S | ¥ INOMOT1V N—Q/7 |
~ INIWIHONI ¥00T8-34d — /7 “
g — _
S 18 3S1Nd INNOQ “
S e —
€12
orz—"

U.S. Patent



U.S. Patent Oct. 1,2019

300 BN

Sheet 10 of 10

US 10,431,288 B2

RECEIVE AN INSTRUCTION TO REFRESH A ROW ADDRESS
302 STORED IN A COUNTER OF A MEMORY DEVICE

NO
314

BLOCK INCREMENTING
THE ROW ADDRESS

PERFORM A REFRESH SAME
MEMORY BANKS OPERATION
ON THE ROW ADDRESS
STORED IN THE COUNTER

316

S

THE REFRESH

SAME MEMORY BANK

OPERATION PAIRED
!

NO

YES

312

303

REFRESH THE ROW ADDRESS STORED IN THE COUNTER

318

< DID
THE MEMORY

DEVICE TRANSITION FROM
AN FGR2X MODE TO AN FGRIX
MODE OR A SELF-REFRESH MODE

PRIOR TO RECEIVING

B

THE INST?RUCT ON

S THE
LEAST SIGNIFICANT

EQUAI.? 10 1

YES

THE INSTRUCTION

SELF-REFRESH
MO?DE

[ YES
L0CK INCREMENTING

THE ROW ADDRESS

BIT OF THE ROW ADDRESS

ASSOCIATED WITH REFRESHING
ALL MEMORY BANKS OF THE
MEMORY DEVICE OR THE

NO

310

311

306

INCREMENT THE ROW
ADDRESS STORED IN
_ThE COUNTER



US 10,431,288 B2

1

SYSTEMS AND METHODS FOR
MAINTAINING REFRESH OPERATIONS OF
MEMORY BANKS USING A SHARED
ADDRESS PATH

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 15/800,267, entitled “SYSTEMS AND METHODS 10

FOR MAINTAINING REFRESH OPERATIONS OF
MEMORY BANKS USING A SHARED ADDRESS
PATH,” filed Nov. 1, 2017, which 1s hereby incorporated by

reference 1n 1ts entirety for all purposes.

15
BACKGROUND

Field of the Present Disclosure

Embodiments of the present disclosure relate generally to 20
the field of semiconductor devices. More specifically,
embodiments of the present disclosure relate to maintaining
refresh operations of memory banks using a shared address
path, where a first memory bank may be refreshed while a
second memory bank may be accessed using the shared 25
address path.

Description of Related Art

A semiconductor memory device, such as a dynamic 30
random-access memory (DRAM), may refresh a memory
cell by periodically reading information from the memory
cell and rewriting the read information to the memory cell to
preserve the information. For example, each bit of memory
data 1n the memory may be stored as a presence or absence 35
of an electric charge on a capacitor on the memory. As time
passes, the electric charge may leak and eventually be lost,
unless the data 1s refreshed. As such, external circuitry may
periodically read each memory cell and rewrite the data to
the memory cell, restoring the charge on the capacitor to its 40
original level. A memory refresh cycle may refresh a group
or area (such as a bank) of memory cells at one time, and
cach successive cycle may refresh a next group or area of
memory cells, thus refreshing all memory cells in the
memory. This refresh process may be conducted by a 45
controller of the memory device and/or by a user periodi-
cally to keep data in the memory cells.

A memory may include multiple memory banks of
memory cells. If a memory bank 1s being refreshed, then that
memory bank may not be accessed (e.g., for read and/or 50
write operations). Some DRAMSs, such as a DDR5 SDRAM
(double data rate type five synchronous dynamic random
access memory), may be capable of refreshing only some
memory banks, while enabling access to other memory
banks. 55

Refreshing or accessing a memory bank may be per-
formed by providing a row address on a single address path
to the memory circuitry to be refreshed or accessed. The row
address to be refreshed may be stored and maintained 1n a
counter (e.g., in the memory) that may be incremented after 60
cach time the row address 1s transmitted to the register. The
row address to be accessed may be provided via an external
device (e.g., an external controller), along with, for example,
an activate command. In either case, the row address may be
transmitted and stored 1n a register of the memory, and the 65
command address mmput circuit or command decoder may
transmit a command to refresh or access the memory bank.

2

Bank control blocks coupled to the memory banks may then

perform a refresh or access operation based on the row
address stored 1n the register.

Refreshing may be performed via a number of modes. For
example, a memory device may operate 1n an auto-refresh
mode, where the memory device 1s instructed to refresh
externally (e.g., by an external controller). The auto-refresh
mode may include FGR (Fine Granularity Relfresh) 1x and
2x modes. In an FGR 2x mode, a single refresh command
may perform a refresh operation on one or more rows of a
memory bank. In an FGR 1x mode, a single refresh com-
mand may perform two reifresh operations on two sets of
rows of the memory bank. Additionally, the memory device
may operate 1 a self-refresh mode, where the memory
device 1s istructed to refresh internally. In the selif-refresh
mode, the memory device operates similarly as to when
operating in the FGR 1x mode.

The command address mput circuit or command decoder
may transmit a first command that performs a refresh
operation on a row (e.g., corresponding to the row address
stored 1n the register) of one or more memory banks. In some
circumstances, 1t may be a rule (e.g., per a semiconductor or
memory device manufacturer’s specifications) that multiple
(e.g., a multiple of two) refresh operations occur before
transitioning to another mode. For example, a manufacturer
may specily that a memory device operating in the FGR 2x
mode perform a multiple of two refresh operations before
transitioning to another mode (e.g., the FGR 1x mode or a
seli-refresh mode). IT this specification 1s violated (e.g., by
performing an odd number of refresh operations before
transitioning to another mode), a row may not be refreshed,
which may lead to memory leakage and/or lost data.

Embodiments of the present disclosure may be directed to

one or more of the problems set forth above.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a simplified block diagram illustrating certain
features ol a memory device, according to an embodiment of
the present disclosure;

FIG. 2 1s a schematic diagram of a row address output
circuit of a command address 1mput circuit of the memory
device of FIG. 1, according to an embodiment of the present
disclosure:

FIG. 3 1s an example timing diagram illustrating bank
control blocks performing a command that performs one
refresh operation on one or more rows of all memory banks
of the memory device of FIG. 1 using a shared address path,
according to an embodiment of the present disclosure;

FIG. 4 1s an example timing diagram illustrating bank
control blocks performing a command that performs mul-
tiple refresh operations on one or more rows of all memory
banks of the memory device of FIG. 1 using a shared address
path, according to an embodiment of the present disclosure;

FIG. 5 1s an example timing diagram illustrating bank
control blocks performing a command that performs one
refresh operation on one or more rows of a set (e.g., even or
odd) of memory banks of the memory device of FIG. 1 using
a shared address path, according to an embodiment of the
present disclosure;

FIG. 6 1s an example timing diagram illustrating bank
control blocks performing a command that performs mul-
tiple refresh operations on one or more rows of a set (e.g.,
even or odd) of memory banks of the memory device of FIG.
1 using a shared address path, according to an embodiment
of the present disclosure;
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FIG. 7 1s an example timing diagram illustrating the
memory device of FIG. 1 maintaining the specification of

performing two refresh operations before transitioning from
operating 1n an FGR 2x mode to operating in an FGR 1x
mode or a self-refresh mode, according to an embodiment of
the present disclosure;

FIG. 8 1s an example timing diagram illustrating the
memory device of FIG. 1 violating the specification of
performing two refresh operations before transitioning from
operating in an FGR 2x mode to operating in an FGR 1x
mode or a self-refresh mode, according to an embodiment of
the present disclosure;

FIG. 9 1s an example timing diagram illustrating the
memory device of FIG. 1 violating the specification of
performing two refresh operations before transitioning from
operating in the FGR 2x mode to operating in the FGR 1x
mode or the self-refresh mode, while maintaining refresh
operations of the memory banks of the memory device,
according to an embodiment of the present disclosure;

FI1G. 10 1s a circuit diagram of logic or increment blocking,
circuitry that may maintain refresh operations of the
memory banks of the memory device of FIG. 1, according,
to an embodiment of the present disclosure; and

FIG. 11 1s a flow diagram of a method for maintaining,
refresh operations of the memory banks of the memory
device of FIG. 1, according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

One or more specilic embodiments will be described
below. In an eflort to provide a concise description of these
embodiments, not all features of an actual implementation
are described in the specification. It should be appreciated
that 1n the development of any such actual implementation,
as 1n any engineering or design project, numerous imple-
mentation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary
from one implementation to another. Moreover, 1t should be
appreciated that such a development effort might be com-
plex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclo-
sure.

As described 1n detail below, when a command performs
multiple refresh operations on one or more rows of a first set
of memory banks, a first set of bank control blocks may
capture a row address stored 1n a register, refresh a first set
of rows of the first set of memory banks corresponding to the
row address that was captured from the register, increment
the captured row address (as opposed to capturing a subse-
quent row address stored in the register), and refresh a
second set of rows of the first set of memory banks corre-
sponding to the row address that captured from the register
and mcremented. During refresh of the first and second set
of rows of the first set of memory banks, a second set of bank
control blocks may activate the second set of memory banks.
In this manner, the memory device may refresh a first set of
memory banks while activating a row of a second set of
memory banks to access (e.g., read data from or write data
to) the row of the second set of memory banks, while
preventing a wrong row ol the first set of memory banks
from being refreshed or a wrong row of the second memory
banks from being activated (and vice versa).

Moreover, a row address output circuit in a memory
device may recerve a command. When the command
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4

refreshes all memory banks of the memory device (e.g., a
REF , command), the row address output circuit outputs a
first row address (e.g., stored 1n a first counter) of a first set
of memory banks to be refreshed or a second row address
(e.g., stored 1n a second counter) of a second set of memory
banks to be refreshed. Both counters may then be incre-
mented (e.g., to a next row address of the memory banks to
be refreshed) if the first row address i1s the same as the
second row address. Otherwise, the second counter may be
incremented when the first row address 1s greater than the
second row address, and the first counter may be incre-
mented when the second row address 1s greater than the first
row address. Such an embodiment 1s described mm U.S.
patent application Ser. No. 15/676,424, entitled “Systems
and Methods for Refreshing a Memory Bank While Access-
ing Another Memory Bank Using a Shared Address Path,”
filed Aug. 14, 2017, the contents of which 1s incorporated by
reference 1n its entirety. In some embodiments, the second
counter may be replaced by any suitable latching device,
gating device, memory device, storage device, or the like,
such as a tlip-tlop. Such an embodiment i1s described in U.S.
patent application Ser. No. 15/692,804, entitled “Systems
and Methods for Refreshing a Memory Bank While Access-
ing Another Memory Bank Using a Shared Address Path,”
filed Aug. 31, 2017, the contents of which 1s incorporated by
reference 1n its entirety.

When the command refreshes the first set of memory
banks (e.g., a REF_, command), the row address output
circuit outputs the first row address stored in the first
counter. The first counter may then be incremented (e.g., to
a next row address of the first set of memory banks to be
refreshed) 11 the first row address 1s less than or equal to the
second row address. When the command refreshes the
second set of memory banks, the row address output circuit
outputs the second row address stored 1n the second counter.
The second counter may then be incremented (e.g., to a next
row address ol the second set of memory banks to be
refreshed) 11 the second row address 1s less than or equal to
the first row address. When the command activates a first
row of the first set of memory banks, the row address output
circuit recerves and outputs a third row address associated
with the first row (e.g., to be read or written to), while the
second set of memory banks may be refreshed. Again, the
second counter may then be incremented it the second row
address 1s less than or equal to the first row address.
Similarly, when the command 1s configured to activate a
second row of the second set of memory banks, the row
address output circuit receives and outputs a fourth row
address associated with the second row (e.g., to be read or
written to), while the first set of memory banks may be
refreshed. The first counter may then be incremented if the
first row address 1s less than or equal to the second row
address. In this manner, synchronization or pairing of the
rows 1n the memory banks being refreshed may be enforced
or maintained.

Turning now to the figures, FIG. 1 1s a simplified block
diagram 1illustrating certain features of a semiconductor
device (e.g., a memory device 10), according to an embodi-
ment of the present disclosure. Specifically, the block dia-
gram of FIG. 1 1s a functional block diagram illustrating
certain functionality of the memory device 10. In accordance
with one embodiment, the memory device 10 may be a
double data rate type five synchronous dynamic random
access memory (DDR5 SDRAM) device. Various features
of DDR5 SDRAM allow for reduced power consumption,
more bandwidth and more storage capacity compared to
prior generations of DDR SDRAM. While the present
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disclosure uses the memory device 10 as an example, 1t
should be understood that embodiments of the present
disclosure are envisioned to apply to any suitable semicon-
ductor device, such as integrated circuits, transistors, pro-
cessors, microprocessors, and the like.

The memory device 10, may 1include a number of memory
banks 11. The memory banks 11 may be DDRS5 SDRAM
memory banks, for instance. The memory banks 11 may be
provided on one or more chips (e.g., SDRAM chips) that are
arranged on dual inline memory modules (DIMMS). FEach
DIMM may include a number of SDRAM memory chips
(c.g., X8 or x16 memory chips), as will be appreciated. Each
SDRAM memory chip may include one or more memory
banks 11. The memory device 10 represents a portion of a
single memory chip (e.g., SDRAM chip) having a number of
memory banks 11. For DDRJ3, the memory banks 11 may be
turther arranged to form bank groups. For instance, for an 8
gigabit (Gb) DDRS SDRAM, the memory chip may include
16 memory banks 11, arranged ito 8 bank groups, each
bank group including 2 memory banks. For a 16 Gb DDR3
SDRAM, the memory chip may include 32 memory banks
11, arranged into 8 bank groups, each bank group including
4 memory banks, for instance. Various other configurations,
organization and sizes of the memory banks 11 on the
memory device 10 may be utilized depending on the appli-
cation and design of the overall system. For example, the
memory banks 11 may be divided 1nto sets of memory banks
11, such as even memory banks 12 and odd memory banks
13. It should be understood that references in the present
disclosure to the even memory banks 12 should apply
equally to the odd memory banks 13, and vice versa.

The memory device 10 may include a command interface
14 and an mput/output (I/O) interface 16. The command
interface 14 may include processing and/or interface cir-
cuitry configured to provide a number of signals (e.g.,
signals 15) from an external device, such as a controller 17.
The controller 17 may 1nclude processing circuitry, such as
one or more processors 18 (e.g., one or more miCroproces-
sors), that may execute software programs to, for example,
provide various signals 15 to the memory device 10 to
tacilitate the transmission and receipt of data to be written to
or read from the memory device 10. Moreover, the
processor(s) 18 may include multiple microprocessors, one
or more “general-purpose” microprocessors, one or more
special-purpose microprocessors, and/or one or more appli-
cation specific mtegrated circuits (ASICS), or some combi-
nation thereof. For example, the processor(s) 18 may include
one or more reduced instruction set (RISC) processors. The
controller 17 may couple to one or more memories 19 that
may store information such as control logic and/or software,
look up tables, configuration data, etc. In some embodi-
ments, the processor(s) 18 and/or the memory 19 may be
external to the controller 17. The memory 19 may include a
tangible, non-transitory, machine-readable-medium, such as
a volatile memory (e.g., a random access memory (RAM))
and/or a nonvolatile memory (e.g., a read-only memory
(ROM), flash memory, a hard drive, or any other suitable
optical, magnetic, or solid-state storage medium, or a com-
bination thereof). The memory 19 may store a variety of
information and may be used for various purposes. For
example, the memory 19 may store machine-readable and/or
processor-executable instructions (e.g., firmware or soft-
ware) for the processor(s) 18 to execute, such as nstructions
tor providing various signals 135 to the memory device 10 to
tacilitate the transmission and receipt of data to be written to
or read from the memory device 10. As such, the controller
17 may provide various signals 135 to the memory device 10
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to facilitate the transmission and receipt of data to be written
to or read from the memory device 10.

As will be appreciated, the command interface 14 may
include a number of circuits, such as a clock input circuit 20
and a command address input circuit 21, for instance, to
ensure proper handling of the signals 15. The command
interface 14 may receive one or more clock signals from an
external device. Generally, double data rate (DDR) memory
utilizes a differential pair of system clock signals, referred to
herein as the true clock signal (Clk_t/) and the complemen-
tary clock signal (Clk_c). The positive clock edge for DDR
refers to the point where the rising true clock signal Clk_t/
crosses the falling complementary clock signal Clk_c, while
the negative clock edge indicates that transition of the falling
true clock signal Clk_t and the rising of the complementary
clock signal Clk_c. Commands (e.g., read command, write
command, etc.) are typically entered on the positive edges of
the clock signal and data 1s transmitted or recerved on both
the positive and negative clock edges.

The /O interface 16 may include processing and/or
interface circuitry configured to manage and/or perform
input/output operations between the memory device 10 and
any suitable external device coupled to the I/O interface 16.

The clock mput circuit 20 recerves the true clock signal
(Clk_t/) and the complementary clock signal (Clk_c) and
generates an internal clock signal CLK. The internal clock
signal CLK 1s supplied to an internal clock generator, such
as a delay locked loop (DLL) circuit 30. The internal clock
generator 30 generates a phase controlled internal clock
signal LCLK based on the received internal clock signal
CLK. The phase controlled internal clock signal LCLK 1s
supplied to the I/O interface 16, for instance, and 1s used as
a timing signal for determining an output timing of read
data.

The internal clock signal CLK may also be provided to
various other components within the memory device 10 and
may be used to generate various additional internal clock
signals. For instance, the internal clock signal CLK may be
provided to a command decoder 32. The command decoder
32 may receive command signals from the command bus 34
and may decode the command signals to provide various
internal commands. For instance, the command decoder 32
may provide command signals to the internal clock genera-
tor 30 over the bus 36 to coordinate generation of the phase
controlled internal clock signal LCLK. The command
decoder 32 may also provide command signals to the I/O
interface 16 over bus 37 to facilitate recerving and trans-
mitting I/O signals. The phase controlled internal clock
signal LCLK may be used to clock data through the IO
interface 16, for instance.

Further, the command decoder 32 may decode com-
mands, such as read commands, write commands, mode-
register set commands, activate commands, etc., and provide
access to a particular memory bank 11 corresponding to the
command, via a bus path 40. As will be appreciated, the
memory device 10 may include various other decoders, such
as row decoders and column decoders, to facilitate access to
the memory banks 11. In one embodiment, each memory
bank 11 includes a bank control block 22 which provides the
necessary decoding (e.g., row decoder and column decoder),
as well as other features, such as timing control and data
control, to facilitate the execution of commands to and from
the memory banks 11. In particular, the bus path 40 may
include a row address path that may provide a row address
(e.g., sent from the command decoder 32 or one or more
counters coupled to the row address path) to the bank control
blocks 22 so that the bank control blocks 22 may perform
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operations on a row corresponding to the row address. The
path 40 may be shared by both the command decoder 32
sending a row address on the path 40 to be activated, as well
as the counters sending a row address on the path 40 to be
refreshed. Similar to the memory banks 11, the bank control
blocks 22 may also be divided into sets of bank control
blocks 22, such as even bank control blocks 23 associated
with the even memory banks 12 and odd bank control blocks
24 associated with the odd memory banks 13. It should be
understood that references 1n the present disclosure to the
even bank control blocks 23 should apply equally to the odd
bank control blocks 24, and vice versa.

The memory device 10 executes operations, such as read
commands and write commands, based on the command/
address signals recerved from an external device, such as a
processor. In one embodiment, the command/address bus
may be a 14-bit bus to accommodate the command/address
signals (CA<13:0>). The command/address signals are
clocked to the command 1nterface 14 using the clock signals
(Clk_t/ and Clk_c). The command interface may include a
command address input circuit 21 which 1s configured to
receive and transmit the commands to provide access to the
memory banks 11, through the command decoder 32, for
instance. In addition, the command interface 14 may receive
a chip select signal (CS_n). The CS_n signal enables the
memory device 10 to process commands on the mncoming,
CA<13:0> bus. Access to specific banks 11 within the
memory device 10 1s encoded on the CA<13:0> bus with the
commands.

In addition, the command interface 14 may be configured
to receive a number of other command signals. For instance,
a command/address on die termination (CA_ODT) signal
may be provided to facilitate proper impedance matching
within the memory device 10. A reset command (RESET_n)
may be used to reset the command interface 14, status
registers, state machines and the like, during power-up for
instance. The command interface 14 may also receive a
command/address mvert (CAl) signal which may be pro-
vided to mvert the state of command/address signals
CA<13:0> on the command/address bus, for instance,
depending on the command/address routing for the particu-
lar memory device 10. A mirror (MIR) signal may also be
provided to facilitate a mirror function. The MIR signal may
be used to multiplex signals so that they can be swapped for
enabling certain routing of signals to the memory device 10,
based on the configuration of multiple memory devices in a
particular application. Various signals to facilitate testing of
the memory device 10, such as the test enable (TEN) signal,
may be provided, as well. For instance, the TEN signal may
be used to place the memory device 10 into a test mode for
connectivity testing.

The command 1nterface 14 may also be used to provide an
alert signal (ALERT _n) to the system processor or controller
for certain errors that may be detected. For istance, an alert
signal (ALERT_n) may be transmitted from the memory
device 10 1f a cyclic redundancy check (CRC) error 1is
detected. Other alert signals may also be generated. Further,
the bus and pin for transmitting the alert signal (ALERT_n)
from the memory device 10 may be used as an input pin
during certain operations, such as the connectivity test mode
executed using the TEN signal, as described above.

Data may be sent to and from the memory device 10,
utilizing the command and clocking signals discussed
above, by transmitting and receiving data signals 44 through
the TO interface 16. More specifically, the data may be sent
to or retrieved from the memory banks 11 over the data path
46, which may include multiple data paths or bi-directional
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data buses. Data TO signals, generally referred to as DQ
signals, are generally transmitted and received in one or
more bi-directional data busses. For certain memory
devices, such as a DDRS SDRAM memory device, the TO
signals may be divided into upper and lower bytes. For
instance, for a x16 memory device, the TO signals may be
divided into upper and lower TO signals (e.g., DQ<15:8>
and DQ<7:0>) corresponding to upper and lower bytes of
the data signals, for instance.

To allow for higher data rates within the memory device
10, certain memory devices, such as DDR memory devices
may utilize data strobe signals, generally referred to as DQS
signals. The DQS signals are driven by the external proces-
sor or controller sending the data (e.g., for a write command)
or by the memory device 10 (e.g., for a read command). For
read commands, the DQS signals are eflectively additional
data output (DQ) signals with a predetermined pattern. For
write commands, the DQS signals are used as clock signals
to capture the corresponding mput data. As with the clock
signals (Clk_t/ and Clk_c), the data strobe (DQS) signals
may be provided as a diflerential pair of data strobe signals
(DQS_t/ and DQS_c) to provide diflerential pair signaling
during reads and writes. For certain memory devices, such
as a DDRS SDRAM memory device, the differential pairs of
DQS signals may be divided into upper and lower data
strobe signals (e.g., UDQS_t/ and UDQS_c; LDQS_t/ and
LDQS_c) corresponding to upper and lower bytes of data
sent to and from the memory device 10, for instance.

An impedance (ZQ) calibration signal may also be pro-
vided to the memory device 10 through the 10 interface 16.
The ZQ calibration signal may be provided to a reference pin
and used to tune output drivers and ODT values by adjusting
pull-up and pull-down resistors of the memory device 10
across changes in process, voltage and temperature (PVT)
values. Because PV'T characteristics may impact the ZQ
resistor values, the Z(Q) calibration signal may be provided to
the ZQ reference pin to be used to adjust the resistance to
calibrate the mput impedance to known values. As will be
appreciated, a precision resistor 1s generally coupled
between the ZQ pin on the memory device 10 and GNDY/
VSS external to the memory device 10. This resistor acts as
a reference for adjusting internal ODT and drive strength of
the 10 pins.

In addition, a loopback signal (LOOPBACK) may be
provided to the memory device 10 through the 10 interface
16. The loopback signal may be used during a test or
debugging phase to set the memory device 10 mnto a mode
wherein signals are looped back through the memory device
10 through the same pin. For instance, the loopback signal
may be used to set the memory device 10 to test the data
output (DQ) of the memory device 10. Loopback may
include both a data and a strobe or possibly just a data pin.
This 1s generally intended to be used to monitor the data
captured by the memory device 10 at the IO interface 16.

As will be appreciated, various other components such as
power supply circuits ({or recerving external VDD and VSS
signals), mode registers (to define various modes of pro-
grammable operations and configurations), read/write
amplifiers (to amplily signals during read/write operations),
temperature sensors (for sensing temperatures of the
memory device 10), etc., may also be incorporated into the
memory system 10. Accordingly, 1t should be understood
that the block diagram of FI1G. 1 1s only provided to highlight
certain functional features of the memory device 10 to aid 1n
the subsequent detailed description.

With the foregoing 1n mind, FIG. 2 1s a schematic diagram
of a row address output circuit 50 of the command address
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input circuit 21 of the memory device 10 of FIG. 1,
according to an embodiment of the present disclosure. As
illustrated, the row address output circuit 50 includes an
even bank refresh counter 52 and an odd bank refresh
counter 54. It should be understood that references to the
even bank refresh counter 52 1n the present disclosure may
apply equally to the odd bank refresh counter 54, and vice
versa.

The even bank refresh counter 52 may store a row address
associated with a first set of memory banks (e.g., the even
memory banks 12) of the memory device 10 to be refreshed.
The even bank refresh counter 52 may increment the stored
row address when the row address output circuit 50 receives
a REF , (refresh all memory banks) command 56 or a
REF ,(Even) (refresh same memory banks—even) com-
mand 58. The REF _, command 56 may be transmitted (e.g.,
by the command interface 14, the external controller 17, or
the like) to refresh all memory banks 11, while the REF,
(Even) command 38 may be transmitted to each even bank
control block 23 of the memory device 10 to refresh the even
memory banks 12 (e.g., separately from the odd memory
banks 13). In either case, 1n response to recerving the REF _,
command 56 or the REF _, (Even) command 58, each even
bank control block 23 may refresh the row address 1dentified
by the even bank refresh counter 52 of a respective even
memory bank 12 (e.g., corresponding to the even bank
control block 23).

Similarly, the odd bank refresh counter 54 may store a
row address associated with a second set of memory banks
(e.g., the odd memory banks 13) of the memory device 10
to be refreshed. The odd bank refresh counter 54 may
increment the stored row address when the row address
output circuit 50 receives a REF , (refresh all memory

banks) command 56 or a REF_, (Odd) (refresh some
memory banks—odd) command 60. The REF , (Odd) com-
mand 60 may be transmitted to each odd bank control block
24 of the memory device 10 to refresh the odd memory
banks 13 (e.g., separately from the even memory banks 12).

In either case, 1n response to receiving the REF , command
56 or the REF _, (Odd) command 60, each odd bank control

block 24 may refresh the row address i1dentified by the odd
bank refresh counter 54 of a respective odd memory bank 13
(e.g., corresponding to the odd bank control block 24).

While the even bank refresh counter 52 may store a row
address associated with the even memory banks 12 and the
odd bank refresh counter 54 may store a row address
associated with the odd memory banks 13, 1t should be
understood that the even bank refresh counter 52 may not be
dedicated to the even memory banks 12 and the odd bank
refresh counter 54 may not be dedicated to the odd memory
banks 13. That 1s, the even bank refresh counter 52 and the
odd bank refresh counter 54 may be interchanged, e.g.,
independent of the contents of the even memory banks 12
and the odd memory banks 13.

A multiplexer 62 of the row address output circuit 50 may
accept as inputs the row address stored 1n the even bank
refresh counter 52, the row address stored in the odd bank
refresh counter 54, and an activate row address 64 (e.g.,
associated with a read or write operation). The multiplexer
62 may output one of these inputs based on a selection signal
66. The selection signal 66 may indicate whether the com-
mand sent to the row address output circuit 50 1s, for
example, the REF , command 56, the REF_, (Even) com-
mand 38, the REF_, (Odd) command 60, an activate com-
mand, or the like. The multiplexer 62 may then output the
row address stored in the even bank refresh counter 52, the
row address stored in the odd bank retresh counter 54, or the
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activate row address 64 to a register 68 that stores the output
as row address 70. The row address 70 may then be captured
(e.g., by bank control blocks 22) to perform refresh and/or
access (e.g., read/write) operations in the even memory
banks 12, the odd memory banks 13, or both.

The bank control blocks 22 may perform any suitable
number of refresh operations on any suitable number of
rows of respective memory banks 11 (e.g., corresponding to
the bank control blocks 22) per refresh command. For
example, 11 the memory device 10 i1s operating in an FGR
(Fine Granulanty Refresh) 2x mode, a single refresh com-
mand may refresh one or more rows of a memory bank 11.
If the memory device 1s operating in an FGR 1x mode, a
single refresh command may perform two refresh operations
on two sets of rows of a memory bank 11. As explained
below, when a single refresh command performs more than
one (e.g., two) refresh operations, one of the refresh opera-
tions may be performed at approximately the same time as
an activate command, resulting in the refresh operation
being performed on the wrong row address or the activate
command being performed on the wrong row address.

FIG. 3 1s an example timing diagram 80 illustrating the
bank control blocks 22 pertorming the REF , command 56
that performs one refresh operation on one or more rows of
all memory banks 11 of the memory device 10 of FIG. 1
using a shared address path 40, according to an embodiment
of the present disclosure. In particular, the memory device
10 may be operating 1n the FGR 2x mode. Each retresh
operation performed by the REF , command 56 may take
t.~C_. ns (nanoseconds) 82. For example, 1n the case of the
memory device 10 operating 1n the FGR 2x mode, t, ., 82
may be approximately on the order of 100 ns. In response to
recerving the REF_, command 56 (e.g., at the command
decoder 32), the even bank control blocks 23 may refresh the
even memory banks 12 while (e.g., simultaneously) the odd
bank control blocks 24 refresh the odd memory banks 13.
Because the even memory banks 12 and the odd memory
banks 13 are being refreshed during the REF _, command 56,
no memory banks 11 of the memory device 10 may be
activated (e.g., for read/write operations).

For example, 1n response to receiving the REF , com-
mand 56, the row address output circuit 30 may output the
row address (1.e., Row X 84) in the even bank refresh
counter 52 on the shared address path 40 to store in the
register 68 as the row address 70 (i.e., as shown 1n portion
86) to perform a refresh operation. Both the even bank
refresh counter 52 and the odd bank refresh counter 34 may
then increment the stored row address (1.e., from Row X 84,
92 to Row X+1 88, 96) to account for Row X 84 of the even
memory banks 12 and the odd memory banks 13 being
refreshed. The even bank control blocks 23 and the odd bank
control blocks 24 may capture the row address 70 (1.e., Row
X 84) and refresh 90, 98 the row address 70 in the even
memory banks 12 and the odd memory banks 13.

In additional or alternative embodiments, 1n response to
receiving the REFab command 56, the row address output
circuit 50 may output the row address (1.e., Row X 92) 1n the
odd bank refresh counter 34 1nstead of the even bank refresh
counter 52 on the shared address path 40 to store in the
register 68 as the row address 70. Again, both the even bank
refresh counter 52 and the odd bank refresh counter 34 may
then increment the stored row address (1.e., from Row X 84,
92 to Row X+1 88, 96) to account for Row X 92 of the even
memory banks 12 and the odd memory banks 13 being
refreshed.

While the example described 1n the timing diagram 80 of
FIG. 3 illustrates one row (e.g., Row X 84) of the even
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memory banks 12 and the odd memory banks 13 being
refreshed, 1t should be understood that multiple rows of the
even memory banks 12 and the odd memory banks 13 may
instead or also be refreshed. In this manner, the bank control
blocks 22 may refresh one or more rows of all memory
banks 11 of the memory device 10 of FIG. 1 1n response to
each REF , command 56 performing one refresh operation.

FIG. 4 1s an example timing diagram 110 1illustrating the
bank control blocks 22 performing the REF , command 56
by performing multiple refresh operations on one or more
rows of all memory banks 11 of the memory device 10 of
FIG. 1 using the shared address path 40, according to an
embodiment of the present disclosure. In particular, the
memory device 10 may be operating in the FGR 1x mode.
As such, the bank control blocks 22 may perform two
refresh operations on all memory banks 11 of the memory
device 10 in response to each REF , command 56. However,
it should be understood that the bank control blocks 22 may
perform any suitable number of refresh operations of all
memory banks 11 of the memory device 10. As 1llustrated,
the two refresh operations refresh two rows of the memory
banks 11. However, 1t should be understood that the bank
control blocks 22 may refresh any suitable number of rows
of all memory banks 11 of the memory device 10. Each
refresh operation performed by the REF , command 56 may
take t, -, ns (nanoseconds) 112. For example, 1n the case
of the memory device 10 operating 1n the FGR 1x mode,
tor.,, 112 may be approximately on the order of 195 ns. In
response to receiving the REF , command 56 (e.g., at the
command decoder 32), the even bank control blocks 23 may
first refresh the even memory banks 12 while (e.g., simul-
taneously) the odd bank control blocks 24 refresh the odd
memory banks 13. As mentioned above, because the even
memory banks 12 and the odd memory banks 13 are being
refreshed during the REF , command 56, no memory banks
11 of the memory device 10 may be activated (e.g., for
read/write operations).

For example, in response to recerving the REF , com-
mand 56, the row address output circuit 50 may output the
row address (1.e., Row X 84) m the even bank refresh
counter 52 on the shared address path 40 to store in the
register 68 as the row address 70 (1.e., as shown 1n portion
86) to be captured to perform refresh and/or access (e.g.,
read/write) operations. The even bank refresh counter 52 and
the odd bank refresh counter 54 may then increment the
stored row address (1.¢., from Row X 84, 92 to Row X+1 88,
96). The even bank control blocks 23 and the odd bank
control blocks 24 may capture the row address 70 (1.¢., Row
X 84) and refresh 90 the row address 70 in the even memory
banks 12 and the odd memory banks 13.

When the register 68 1s available to store a new row
address 70, the row address output circuit 50 may then
output the imncremented row address (1.e., Row X+1 88) 1n
the even bank refresh counter 52 on the shared address path
40 to store 1n the register 68 as the row address 70 (1.e., as
shown 1n portion 114) to be captured to perform a refresh
operation. The even bank refresh counter 52 and the odd

bank refresh counter 34 may then increment the stored row
address (1.e., from Row X+1 88, 96 to Row X+2 116, 122).

The even bank control blocks 23 and the odd bank control
blocks 24 may capture the row address 70 (i.e., Row X+1
88) and refresh 118, 124 the row address 70 1n the even
memory banks 12 and the odd memory banks 13.

In additional or alternative embodiments, in response to
receiving the REFab command 56, the row address output
circuit 50 may output the row address (1.e., Row X 92) 1n the

odd bank refresh counter 54 instead of the even bank retresh
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counter 52 on the shared address path 40 to store in the
register 68 as the row address 70. Again, both the even bank
refresh counter 52 and the odd bank refresh counter 54 may
then increment the stored row address (1.e., from Row X 84,
92 to Row X+1 88, 96) to account for Row X 92 of the even

memory banks 12 and the odd memory banks 13 being
refreshed.

In such embodiments, when the register 68 1s available to
store a new row address 70, the row address output circuit
50 may then output the incremented row address (i.e., Row
X+1 96) 1n the odd bank refresh counter 54 on the shared
address path 40 to store 1n the register 68 as the row address
70 to be captured to perform refresh and/or access (e.g.,
read/write) operations. The even bank refresh counter 52 and

the odd bank retfresh counter 54 may then increment the
stored row address (1.e., from Row X+1 88, 96 to Row X+2

116, 122). The even bank control blocks 23 and the odd bank
control blocks 24 may capture the row address 70 (1.e., Row
X+1 96) and refresh 118, 124 the row address 70 1n the even
memory banks 12 and the odd memory banks 13.

In this manner, the bank control blocks 22 may refresh
multiple rows of all memory banks 11 of the memory device
10 of FIG. 1 1n response to each REF , command 56
performing multiple refresh operations.

FIG. 5 1s an example timing diagram 140 illustrating the
bank control blocks 22 performing the REF _;, command 58,
60 by performing one refresh operation on one or more rows
of a set (e.g., even or odd) of memory banks 11 of the
memory device 10 of FIG. 1 using the shared address path
40, according to an embodiment of the present disclosure. In
particular, the memory device 10 may be operating in the
FGR 2x mode. Each refresh operation performed by the
REF _, command 58, 60 may take t, ., ns (nanoseconds)
142. For example, in the case of the memory device 10
operating 1in the FGR 2x mode, t, ., 142 may be approxi-
mately on the order of 100 ns. In response to receiving the
REF , (Even) command 38 (e.g., at the command decoder
32), the even bank control blocks 23 may refresh the even
memory banks 12. Similarly, in response to receiving the
REF , (Odd) command 60 (e.g., at the command decoder
32), the odd bank control blocks 24 may retfresh the odd
memory banks 13. During a REF _, command 58, 60, while
one set of memory banks 11 (e.g., the even memory banks
12) are being reifreshed, another set of memory banks 11
(e.g., the odd memory banks 13) may be activated (e.g., for
read/write operations).

For example, 1n response to receiving the REF _, (Even)
command 58, the row address output circuit 30 may output
the row address (1.e., Row X 84) 1n the even bank refresh
counter 52 on the shared address path 40 to store in the
register 68 as the row address 70 (i.e., as shown 1n portion
86) to be captured to perform a refresh operation. The even
bank refresh counter 52 may then increment the stored row
address (1.e., from Row X 84 to Row X+1 88). The even
bank control blocks 23 may capture the row address 70 (1.¢.,
Row X 84) and refresh 90 the row address 70 in the even
memory banks 12.

While the refresh operation 90 1s performed on the even
memory banks 12 via the REF _, (Even) command 38, the
odd memory banks 13 may be activated (e.g., for read/write
operations). For example, 1n response to recerving an acti-
vate (ACT) command (e.g., at the command decoder 32),
and when the register 68 1s available to store a new row
address 70, the row address output circuit 50 may output an
activate row address 64 (1.e., Row A 144) of the odd memory
banks 13 on the shared address path 40 to store 1n the register
68 as the row address 70 (1.e., as shown 1n portion 146) to
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be captured to perform an access (e.g., read/write) operation.
After a delay time 148 (e.g., t,,,,) associated with a delay
between (consecutive) activations, one or more odd bank
control blocks 24 may activate 150 the row address 70 (i.e.,
Row A 144) of one or more odd memory banks 13 to, for
example, read from or write to the row address 70. In some
embodiments, multiple activate commands may be received
and multiple activations 150 may be performed while the
refresh operation 90 1s performed on the even memory banks
12 via the REF , (Even) command 58 (e.g., depending on the
delay 148, the time it takes to perform the activation 150,
and the time it takes to perform the refresh operation 90).

In response to recerving the REF_, (Odd) command 60,
and when the register 68 1s available to store a new row
address 70, the row address output circuit 50 may also
output the row address (1.e., Row X 92) 1n the odd bank
refresh counter 54 on the shared address path 40 to store in
the register 68 as the row address 70 (1.e., as shown in
portion 94) to be captured to perform a refresh operation.
The odd bank refresh counter 54 may then increment the
stored row address (1.e., from Row X 92 to Row X+1 96).
The odd bank control blocks 24 may capture the row address
70 (1.e., Row X 92) and refresh 98 the row address 70 1n the
odd memory banks 13.

While the refresh operation 98 1s performed on the odd
memory banks 13 via the REF_, (Odd) command 60, the
even memory banks 12 may be activated (e.g., for read/write
operations). For example, in response to receiving the acti-
vate command (e.g., at the command decoder 32), and when
the register 68 1s available to store a new row address 70, the
row address output circuit 50 may output an activate row
address 64 (1.¢., Row B 152) of the even memory banks 12
on the shared address path 40 to store in the register 68 as
the row address 70 (1.e., as shown in portion 154) to be
captured to perform an access (e.g., read/write) operation.
After a delay 148 (e.g., t»» ), One or more even bank control
blocks 23 may activate 156 the row address 70 (i.e., Row B
152) of one or more even memory banks 12 to, for example
read from or write to the row address 70. In some embodi-
ments, multiple activate commands may be received and
multiple activations 156 may be performed while the refresh
operation 98 1s performed on the odd memory banks 13 via
the REF _, (Odd) command 60 (e.g., depending on the delay
148, the time 1t takes to perform the activation 156, and the
time 1t takes to perform the refresh operation 98).

While the example described in the timing diagram 140 of
FIG. 5 illustrates one row (e.g., Row X 84) of the even
memory banks 12 and the odd memory banks 13 being
refreshed, 1t should be understood that multiple rows of the
even memory banks 12 and the odd memory banks 13 may
instead or also be refreshed. In this manner, the bank control
blocks 22 may refresh one row of a set (e.g., even or odd)
memory banks 11 of the memory device 10 of FIG. 1 in
response to each REF_, command 38, 60 performing one
refresh operation.

FIG. 6 1s an example timing diagram 170 illustrating the
bank control blocks 22 performing the REF _;, command 58,
60 by performing multiple refresh operations on one or more
rows of a set (e.g., even or odd) of memory banks 11 of the
memory device 10 of FIG. 1 using the shared address path
40, according to an embodiment of the present disclosure. In
particular, the memory device 10 may be operating in the
FGR 1x mode. As such, the bank control blocks 22 may
perform two refresh operations on the even memory banks
12 or the odd memory banks 13 of the memory device 10 1n
response to each REF , command 58, 60. However, it should
be understood that the bank control blocks 22 may perform
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any suitable number of refresh operations of the even
memory banks 12 or the odd memory banks 13 of the
memory device 10. As 1llustrated, the two refresh operations
refresh two rows of the even memory banks 12 or the odd
memory banks 13. However, 1t should be understood that the
bank control blocks 22 may refresh any suitable number of
rows of the even memory banks 12 or the odd memory banks
13 of the memory device 10. FEach refresh operation per-
tormed by the REF , command 58, 60 may take t,. ., ns
(nanoseconds) 172 to complete. For example, in the case of
the memory device 10 operating 1n the FGR 1x mode, ts -,
172 may be approximately on the order of 130 ns. In
response to receiving the REF , (Even) command 58 (e.g.,
at the command decoder 32), the even bank control blocks
23 may refresh the even memory banks 12. Similarly, 1n
response to recerving the REF , (Odd) command 60 (e.g., at
the command decoder 32), the odd bank control blocks 24
may refresh the odd memory banks 13. During a REF_,
command 38, 60, while one set of memory banks 11 (e.g.,
the even memory banks 12) are being refreshed, another set
of memory banks 11 (e.g., the odd memory banks 13) may
be activated (e.g., for read/write operations).

For example, 1n response to recerving the REF , (Even)
command 58, the row address output circuit 50 may output
the row address (1.e., Row X 84) 1n the even bank refresh
counter 52 on the shared address path 40 to store in the
register 68 as the row address 70 (1.e., as shown 1n portion
86) to be captured to perform an access (e.g., read/write)
operation. The even bank refresh counter 52 may then
increment the stored row address (1.e., from Row X 84 to
Row X+1 88). The even bank control blocks 23 may capture
the row address 70 (1.e., Row X 84) and refresh 90 the row
address 70 in the even memory banks 12.

While the first refresh operation 90 i1s performed on the
even memory banks 12 via the REF_, (Even) command 38,
the odd memory banks 13 may be activated (e.g., for
read/write operations). For example, 1n response to receiving,
a first activate command (e.g., at the command decoder 32)
corresponding to the odd memory banks 13 when the
register 68 1s available to store a new row address 70, the
row address output circuit 50 may output a first activate row
address 64 (1.e., Row A 144) of the odd memory banks 13
on the shared address path 40 to store in the register 68 as
the row address 70 (1.e., as shown 1n portion 146) to be
captured to perform an access (e.g., read/write) operation.
After a delay time 148 (e.g., t,»), one or more odd bank
control blocks 24 may activate 150 the row address 70 (i.e.,
Row A 144) of one or more odd memory banks 13 to, for
example, read from or write to the row address 70.

In some embodiments, multiple activate commands may
be recerved and multiple activations 150 may be performed
while the first refresh operation 90 1s performed on the even
memory banks 12 via the REF _, (Even) command 58. In
some embodiments, the number of activate command and/or
activations 150 may be based at least in part on the delay
148, the time it takes to perform the activation 150, and/or
the time 1t takes to perform the first refresh operation 90.
However, in the case of refreshing multiple rows of a set of
memory banks 11, such as refreshing two rows of the even
memory banks 12 or the odd memory banks 13 1n response
to a REF_, command 58, 60, a refresh operation of subse-
quent rows (€.g., a second row) may be performed at or near
approximately the same time as an activate command. As a
result, and because the shared address path 40 1s used (e.g.,
instead of multiple address paths, where one address path
might be used for a refresh operation and another for an
activation operation), the wrong address may be captured,
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and either the refresh operation may be performed on the
wrong row address (1.e., the row address of the memory
bank to be activated) or the activation operation may be
performed on the wrong row address (1.e., the row address

of the memory banks to be refreshed). As such, instead of >

capturing the row address 70 to refresh (e.g., 118) subse-

quent rows (e.g., a second row) of a set of memory banks 11
(e.g., the even memory banks 12), the bank control blocks 22
(e.g., the even bank control blocks 23) associated with the
set of memory banks 11 may internally increment the row
address 70 captured during a first refresh operation (e.g.,
90).

For example, while the first refresh operation 90 1s
performed on the even memory banks 12 via the REF,
(Even) command 58, the odd memory banks 13 may be
activated a second time. In response to receiving a second
activate command (e.g., at the command decoder 32) cor-
responding to the odd memory banks 13, and when the
register 68 1s available to store a new row address 70, the
row address output circuit 50 may output a second activate
row address 64 (i.e., Row B 152) of the odd memory banks
13 on the shared address path 40 to store 1n the register 68
as the row address 70 (1.e., as shown in portion 154) to be
captured to perform an access (e.g., read/write) operation.
After a delay 148 (e.g., {5~ ), one or more odd bank control
blocks 24 may activate 156 the row address 70 (1.e., Row B
152) of one or more odd memory banks 13 to, for example
read from or write to the row address 70.

In response to receiving the REF , (Even) command 58,
the row address output circuit 50 may output the row address
(1.e., Row X+1 88) stored 1n the even bank refresh counter
52 on the shared address path 40 1n an attempt to store Row
X+1 88 1n the register 68 as the row address 70 (1.e., at the
portion 154) to be captured to perform refresh and/or access
(e.g., read/write) operations. However, in some instances,
the register 68 (e.g., for a duration of time 174) may not be
available to store a new row address 70, and instead retains
the stored row address (1.e., Row B 152). As such, 1f the even
bank control blocks 23 capture the row address 70 to refresh
118 the row address 70 in the even memory banks 12, the
even bank control blocks 23 may capture 176 the row
address 70 (1.e., Row B 152) meant for activation 1n the odd
memory banks 13 (instead of Row X+1 88). The even bank
control blocks 23 may thus refresh a wrong row 1n the even
memory banks 12.

Instead, rather than capturing 176 the row address 70 and
refreshmg that row address 70 of the even memory banks 12,
the even bank control blocks 23 may internally increment
the row address 70 (i.e., from Row X 84 to Row X+1)
captured during the first refresh operation 90, and refresh
118 the internally incremented row address (1.e., Row X+1).
In this manner, the memory device 10 may refresh the even
memory banks 12 while activating a row of the odd memory
banks 13, and prevent a wrong row of the even memory
banks 12 from being refreshed and/or a wrong row of the
odd memory banks 13 from being activated. The even bank
refresh counter 52 may then increment the stored row
address (1.e., Irom Row X+1 88 to Row X+2 116) to account
for the internally incremented row address 70 associated
with the even memory banks 12. To reduce complexity in the
circuitry of the memory device 10, mn some embodiments,
the command interface 14, the command address input
circuit 21, the command decoder 32, and/or the bank control
blocks 22 may guarantee that the first refresh operation 90
1s performed on an even row address 70 (1.e., Row X 84),
such that the least significant bit of the even row address 70
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1s 0. This way, internally incrementing the row address 70 1s
simply a matter of flipping the least significant bit (to 1).

While the first refresh operation 90 i1s performed on the
even memory banks 12 via the REF_, (Even) command 58,
the odd memory banks 13 may be activated a third time. In
response to recerving a third activate command (e.g., at the
command decoder 32) corresponding to the odd memory
banks 13, and when the register 68 1s available to store a new
row address 70, the row address output circuit 50 may output
a third activate row address 64 (1.e., Row C 178) of the odd
memory banks 13 on the shared address path 40 to store in
the register 68 as the row address 70 (1.e., as shown 1n
portion 180) to be captured to perform an access (e.g.,
read/write) operation. After a delay time 148 (e.g., t,,,)
associated with a delay between (consecutive) activations,
one or more odd bank control blocks 24 may activate 182 the
row address 70 (1.e., Row C 178) of one or more odd
memory banks 13 to, for example, read from or write to the
row address 70.

In response to receiving the REF _, (Odd) command 60,
the row address output circuit 50 may output the row address
(1.e., Row X 92) 1n the odd bank refresh counter 54 on the
shared address path 40 to store in the register 68 as the row
address 70 (1.e., as shown in portion 94) to be captured to
perform a refresh operation. As illustrated, if only a single
counter (e.g., the even refresh counter 52) were used 1nstead
of two counters (e.g., the even refresh counter 52 and the odd
refresh counter 54), the row address output circuit S0 might
not be able to output the correct row (1.e., Row X). That 1s,
because the even refresh counter 52 was incremented (e.g.,
to Row X+1 88) to prepare for the second refresh operation
118 for the even memory banks 12, 1t no longer stores the
correct row (e.g., Row X) for the odd memory banks 13 to
refresh. The odd bank refresh counter 54 may then incre-
ment the stored row address (1.e., from Row X 92 to Row

X+1 96). The odd bank control blocks 24 may capture the
row address 70 (1.e., Row X 92) and refresh 98 the row
address 70 in the odd memory banks 13.

While the first refresh operation 98 i1s performed on the
odd memory banks 13 via the REF , (Odd) command 60, the
even memory banks 12 may be activated (e.g., for read/write
operations). For example, in response to receiving a first
activate command (e.g., at the command decoder 32) cor-
responding to the even memory banks 12, and when the
register 68 1s available to store a new row address 70, the
row address output circuit 50 may output a {irst activate row
address 64 (1.e., Row D 184) of the even memory banks 12
on the shared address path 40 to store in the register 68 as
the row address 70 (1.e., as shown in portion 186) to be
captured to perform an access (e.g., read/write) operation.
After a delay 148 (e.g., t,» ), On€ or more even bank control
blocks 23 may activate 188 the row address 70 (1.e., Row D
184) of one or more even memory banks 12 to, for example
read from or write to the row address 70.

While the first refresh operation 90 1s performed on the
odd memory banks 13 via the REF _, (Odd) command 60, the
even memory banks 12 may be activated a second time. In
response to receiving a second activate command (e.g., at
the command decoder 32) corresponding to the even
memory banks 12, and when the register 68 1s available to
store a new row address 70, the row address output circuit
50 may output a second activate row address 64 (1.e., Row
E 190) of the even memory banks 12 on the shared address
path 40 to store 1n the register 68 as the row address 70 (1.¢.,
as shown 1n portion 192) to be captured to perform an access
(e.g., read/write) operation. After a delay 148 (e.g., torp),
one or more even bank control blocks 23 may activate 194
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the row address 70 (1.e., Row D 184) of one or more even
memory banks 12 to, for example, read from or write to the
row address 70.

In response to recerving the REF_, (Odd) command 60,
the row address output circuit 50 may output the row address
(1.e., Row X+1 96) stored 1n the odd bank refresh counter 54
on the shared address path 40 1n an attempt to store Row
X+1 96 1n the register 68 as the row address 70 (1.e., at the
portion 186) to be captured to perform refresh and/or access
(e.g., read/write) operations. However, in some instances,
the register 68 (e.g., for a duration of time 174) may not be
available to store a new row address 70, and instead retains
the stored row address (1.e., Row D 184). As such, if the odd
bank control blocks 24 capture the row address 70 to refresh
124 the row address 70 in the odd memory banks 13, the odd
bank control blocks 24 may capture 196 the row address 70
(1.e., Row D 184) meant for activation in the even memory
banks 12 (instead of Row X+1 96). The odd bank control
blocks 24 may thus refresh a wrong row in the odd memory
banks 13.

Instead, rather than capturing 196 the row address 70 and
refreshing that row address 70 of the odd memory banks 13,
the odd bank control blocks 24 may internally increment the
row address 70 (1.e., from Row X 92 to Row X+1) captured
during the first refresh operation 98, and refresh 124 the
internally incremented row address (1.e., Row X+1). In this
manner, the memory device 10 may refresh the odd memory
banks 13 while activating a row of the even memory banks
12, and prevent a wrong row of the odd memory banks 13
from being refreshed or a wrong row of the even memory
banks 12 from being activated. The odd bank refresh counter
54 may then increment the stored row address (i.e., from
Row X+1 96 to Row X+2 122) to account for the internally
incremented row address 70 associated with the odd
memory banks 13. To reduce complexity in the circuitry of
the memory device 10, in some embodiments, the command
interface 14, the command address mput circuit 21, the
command decoder 32, and/or the bank control blocks 22
may guarantee that the first refresh operation 98 1s per-
formed on an even row address 70 (1.e., Row X 92), such that
the least significant bit of the even row address 70 1s 0. This
way, internally incrementing the row address 70 1s simply a
matter of tlipping the least significant bit (to 1).

While the first refresh operation 98 i1s performed on the
odd memory banks 13 via the REF_, (Odd) command 60, the
even memory banks 12 may be activated a third time. In
response to recerving a third activate command (e.g., at the
command decoder 32) corresponding to the even memory
banks 12, and when the register 68 1s available to store a new
row address 70, the row address output circuit 50 may output
a third activate row address 64 (i.e., Row F 198) of the even
memory banks 12 on the shared address path 40 to store in
the register 68 as the row address 70 (1.e., as shown in
portion 200) to be captured to perform refresh and/or access
(e.g., read/write) operations. After a delay 148 (e.g., tonp),
one or more even bank control blocks 23 may activate 202
the row address 70 (1.e., Row F 198) of one or more even
memory banks 12 to, for example, read from or write to the
row address 70.

In this manner, the memory device 10 may refresh a first
set of memory banks 11 while activating a row of a second
set of memory banks 11 to access (e.g., read data from or
write data to) the row of the second set of memory banks 11,
while preventing a wrong row of the first set of memory
banks 11 from being refreshed or a wrong row of the second
memory banks 11 from being activated (and vice versa). In
some embodiments, when performing the REF_, command
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56 by performing multiple refresh operations of all memory
banks 11 of the memory device 10 as shown 1n FIG. 4, rather
than capturing the row address 70 and refreshing that row
address 70 of the memory banks 11, the bank control blocks
22 may mternally increment the row address 70 (e.g., Row
X 84) captured during a first refresh operation (e.g., 90), and
reiresh (e.g., 118) the internally incremented row address
(e.g., Row X+1).

The memory device 10 may perform refresh operations
via a number of modes. For example, the memory device 10
may operate in an auto-reifresh mode, where the memory
device 10 1s instructed to refresh externally (e.g., by an

external controller). The auto-refresh mode may include
FGR (Fine Granularity Refresh) 1x and 2x modes. In an
FGR 2x mode, a single refresh command may perform a
refresh operation on one or more rows of a memory bank 11.
In an FGR 1x mode, a single refresh command may perform
two refresh operations on two sets of rows of the memory
bank 11. Additionally, the memory device 10 may operate in
a self-refresh mode, where the memory device 10 1is
instructed to refresh internally. In the self-refresh mode, the
memory device 10 operates similarly as to when operating
in the FGR 1x mode.

The command address input circuit 21 or command
decoder 32 may transmit a first command that performs a
refresh operation on a row (e.g., corresponding to the row
address stored 1n the register) of one or more memory banks
11. In some circumstances, 1t may be a rule (e.g., per a
semiconductor or memory device manufacturer’s specifica-
tions) that multiple (e.g., a multiple of two) refresh opera-
tions occur before transitiomng to another mode. For
example, a manufacturer may specily that a memory device
10 operating 1n the FGR 2x mode perform a multiple of two
reiresh operations before transitioning to another mode (e.g.,
the FGR 1x mode or the seli-refresh mode). It this specifi-
cation 1s violated (e.g., by performing one refresh operation
before transitioning to another mode), a row may not be
refreshed, which may lead to memory leakage and/or lost
data.

FIG. 7 1s an example timing diagram 203 illustrating the
memory device 10 of FIG. 1 maintaining the specification of
performing two refresh operations before transitioning from
operating 1n the FGR 2x mode to operating in the FGR 1x
mode or the self-refresh mode, according to an embodiment
of the present disclosure. In particular, the memory device
10 may be operating in the FGR 2x mode when performing
a first FGR 2x mode refresh operation 204. In the FGR 2x
mode, a single refresh command may perform a refresh
operation on one or more rows ol a memory bank. For
example, the bank control blocks 22 may refresh Row 000
(which may be stored in the register 68 as the row address
70) of all memory banks 11. It should be understood that
while FIG. 7 illustrates using a refresh all memory banks
(REF ,) command (prior to transitioning to operating in the
FGR 1x mode or the seli-refresh mode), this example timing
diagram may apply similarly to a refresh same memory
banks (REF ;) command operating in the FGR 2x mode. To
reduce complexity 1n the circuitry of the memory device 10,
in some embodiments, the command interface 14, the com-
mand address mput circuit 21, the command decoder 32,
and/or the bank control blocks 22 may guarantee that the
first FGR 2x mode refresh operation 204 1s performed on an
even row address, such that the least signmificant bit of the
even row address 70 1s 0. This way, internally incrementing
the row address 70 1s simply a matter of flipping the least
significant bit (to 1) in FGR 1x mode to avoid row address
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contlicts between refreshing even memory banks 12 and
activating odd memory banks 13, and vice versa.

As 1llustrated, the first FGR 2x mode refresh operation
204 1s performed on the row address 000 (as shown 1n
portion 205). It should be understood that while three bits
are used to 1llustrate the row address in FIG. 7, the number
of bits used 1s an example. Any suitable number of bits (e.g.,
0-100) may be used to represent the row address. Moreover,
in the 1llustrated example, the least significant bit 1s the third
(last) bit of the row address. However, it should be under-
stood that the least significant bit may be any suitable bit,
including a first bit, an intermediate bit, and the like. The
row address 000 may be stored 1n internal bank logic 210 in
portion 206.

After the first FGR 2x mode refresh operation 204 1s
performed, the row address 000 in the register 68 may be
incremented to row address 001 (as shown 1n portion 207).
As 1llustrated, a second FGR 2x mode refresh operation 208
1s performed on the row address 001 1n portion 207. The row
address 001 may be stored in internal bank logic 210 1n
portion 209. After the second FGR 2x mode refresh opera-
tion 208 1s performed, the row address 001 in the register 68
may be incremented to row address 010 (as shown 1n portion
212).

The memory device 10 may then transition to operating in
the FGR 1x mode (as indicated by dashed line 214) by, for
example, using a mode register command or a selif-refresh
entry command. Because a multiple of two FGR 2x mode
refresh operations were performed before transitioning to
the FGR 1x mode, the specification 1s not violated. In the
FGR 1x mode, a single refresh command may perform two
refresh operations on two sets of rows of the memory bank.
As 1llustrated, the bank control blocks 22 may perform a first
FGR 1x mode refresh operation 216 to refresh Row 010 (as
shown 1n portion 212) of the memory banks 11 after the
memory device 10 transitions to the FGR 1x mode. It should
be understood that while FIG. 7 illustrates using a refresh all
memory banks (REF_,) command (after transitioning to
operating in the FGR 1x mode or the self-refresh mode), the
example timing diagram 203 applies similarly to a refresh
same memory banks (REF ) command operating in the
FGR 1x mode or the self-refresh mode. The row address 010
may be stored in internal bank logic 210 in portion 213.

After the first FGR 1x mode refresh operation 216 1s
performed, the row address 010 1n the register 68 (in portion
213) may be incremented to row address 011 (as shown 1n
portion 218). Moreover, the bank control blocks 22 may
internally increment (as shown by arrow 220) the row
address 010 stored in the internal bank logic 210 to 011 by
flipping the least significant bit (to 1) and store the row
address 011 1n 1nternal bank logic 210 (as shown in portion
222). The bank control blocks 22 may then perform a second
FGR 1x mode refresh operation 224 to read row address 011
from the portion 222 of internal bank logic 210 and refresh
that row of the memory banks 11. In some embodiments, the
bank control blocks 22 may capture a new row address in the
register 68 or internally increment the row address 1n the
internal bank logic 210 to be refreshed. After second FGR
1 x mode refresh operation 224 1s performed, the row address
011 1n the register 68 (in portion 218) may be incremented
to row address 100 (as shown 1n portion 223).

FIG. 8 1s an example timing diagram 225 1illustrating the
memory device 10 of FIG. 1 violating the specification of
performing two refresh operations before transitioning from
operating in the FGR 2x mode to operating in the FGR 1x
mode or the self-refresh mode, according to an embodiment
of the present disclosure. In particular, the memory device
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10 may be operating 1n the FGR 2x mode when performing,
the first FGR 2x mode refresh operation 204. As 1llustrated,
the bank control blocks 22 may refresh row address 000
(which may be stored 1n the portion 203 of the register 68 as
the row address 70) of all memory banks 11. The row
address 000 may also be stored 1n internal bank logic 210 1n
portion 206.

After the first FGR 2x mode refresh operation 204 1is
performed, the row address 000 in the register 68 may be
incremented to row address 001 (as shown in portion 207).
Without performing a second FGR 2x mode refresh opera-
tion, the memory device 10 may transition to operating in
the FGR 1x mode (as indicated by dashed line 214),
violating the specification. In particular, the bank control
blocks 22 may perform a first FGR 1x mode refresh opera-
tion 216 to refresh Row 001 (as shown 1n portion 207) of the
memory banks 11 after the memory device 10 transitions to
the FGR 1x mode. The row address 001 may also be stored
in internal bank logic 210 1n portion 209.

After the first FGR 1x mode refresh operation 216 is
performed, the row address 001 in the register 68 may be
incremented to row address 010 (as shown in portion 226).
Moreover, the bank control blocks 22 may attempt to
internally increment (as shown by 228) the row address 001
stored 1n the portion 209 of the internal bank logic 210 by
tlipping the least significant bit (to 1) and store the resulting
row address 1n internal bank logic 208 (1n portion 230). This
1s to ensure that a first set of memory banks may be properly
refreshed while a second set of memory banks 1s properly
activated. As such, the row address 010 in portion 226 of the
register 68 1s not stored 1n the internal bank logic 210, as
indicated by crossed-out arrow 231. However, because the
row address 001 already has a least significant bit of 1,
tlipping the least significant bit of 001 to 1 does not change
the value of the row address 001. As such, the bank control
blocks 22 may simply perform a second FGR 1x mode
reiresh operation 224 on the row address 001 of the memory
banks 11.

That 1s, as discussed 1n relation to FIG. 6, because the
second FGR 1x mode refresh operation 224 captures the row
address from the internal bank logic 210 that was internally
incremented to avoid data collisions with capturing activate
row addresses 1n other memory banks, and because the row
address to be internally incremented already had a last
significant bit of 1, the row address may be refreshed twice.
Significantly, as a result, a next refresh operation (aiter the
second FGR 1x mode refresh operation 224) may skip the
next row address altogether. For example, the row address
010 1n portion 226 of the register 68 may further be
incremented to row address 011 as shown 1n portion 232.
The row address 011 stored 1n portion 232 of the register 68
may also be stored in internal bank logic 210 1n portion 233.
A next refresh operation 234 (after the second FGR 1x mode
refresh operation 224) may be performed on the row address
011 stored 1n the portion 232 of the register 68.

The row address 011 1n portion 232 of the register 68 may
then be incremented to row address 100 as shown 1n portion
236. Moreover, the bank control blocks 22 may internally
increment (as shown by arrow 235) the row address 011
stored 1n the internal bank logic 210 at the portion 233 to 011
by flipping the least significant bit (to 1) and store the row
address 011 1n 1nternal bank logic 210 (as shown in portion
237). However, because the row address 011 already has a
least significant bit of 1, tlipping the least signmificant bit of
011 to 1 does not change the value of the row address 011.

As such, the row address 100 1n portion 236 of the register
68 1s not stored in the internal bank logic 210, as indicated
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by crossed-out arrow 239. A subsequent refresh operation
238 (after the refresh operation 234) may be performed on
the row address 011 stored in the portion 237 of the internal
bank logic 210. Thus, the row addresses 010 and 100,
despite being stored 1n the register 68 in portions 226 and
236, may not be refreshed by the bank control blocks 22.
Skipping relresh operations on one or more rows may result
in possible memory leakage and/or lost data associated with
those rows (e.g., Rows 010 and 100).

Instead, the command interface 14, the external controller
17, at least some of the bank control blocks 22, or the like,
may prevent or block incrementing row address 001 (as
shown in portion 207) to row address 010 (as shown 1n
portion 226) in the register 68. This way, the bank control
blocks 22 may perform the first FGR 1x mode refresh
operation 216 to refresh row address 001, the bank control
blocks 22 may perform the second FGR 1x mode refresh
operation 224 to refresh row address 001, and the bank
control blocks 22 may increment the row address 001 1n the
register 68 to row address 010, which may be the next row
to be refreshed. In this manner, the memory device 10 may
not skip refreshing a row (e.g., Row 010), reducing memory
leakage and/or lost data.

FIG. 9 1s an example timing diagram 240 1llustrating the
memory device 10 of FIG. 1 violating the specification of
performing two refresh operations before transitioning from
operating 1n the FGR 2x mode to operating in the FGR 1x
mode or the self-refresh mode, while maintaining reiresh
operations of the memory banks 11, according to an embodi-
ment of the present disclosure. As illustrated, after the
memory device 10 transitions from operating 1n the FGR 2x
mode to operating in the FGR 1x mode (as indicated by
dashed line 214) after a first FGR 2x mode refresh operation
1s performed and a second FGR 2x mode refresh operation
1s not performed, violating the specification, the command
interface 14, the external controller 17, at least some of the
bank control blocks 22, or the like, may prevent or block (as
indicated by 242) imncrementing row address 001 (as shown

in portion 207) to row address 010 (as shown 1n portion 226
in FIG. 8) in the register 68.

The bank control blocks 22 may perform the first FGR 1x
mode refresh operation 216 to refresh row address 001 (as
shown 1n portion 207). The row address 001 may be stored
in internal bank logic 210 in portion 209. The command
interface 14, the external controller 17, the bank control
blocks 22, or the like, may prevent or block incrementing
row address 001 1n portion 207 of the register 68 to row
address 010. As a result, when the bank control blocks 22
perform the second FGR 1x mode refresh operation 224, the
row address 001 may be refreshed (again). The same row
address 001 may again be stored in internal bank logic 210
in portion 246. The bank control blocks 22 may then
increment the row address 001 in the register 68 (in the
portion 207) to row address 010 (as shown in portion 248).
The row address 010 stored in portion 248 of the register 68
may also be stored 1n internal bank logic 210 1n portion 249.
Thus, a next refresh operation 250 may be performed (after
the second FGR 1x mode refresh operation 224) on the row
address 010 stored in the portion 248 of the register 68.

The row address 010 in portion 248 of the register 68 may
then be incremented to row address 011 as shown 1n portion
252. Moreover, the bank control blocks 22 may internally
increment (as shown by arrow 251) the row address 010
stored 1n the internal bank logic 210 at the portion 249 to 011
by flipping the least significant bit (to 1) and store the row
address 011 1n 1nternal bank logic 210 (as shown in portion
253). In additional or alternative embodiments, the bank
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control blocks 22 may store the row address 011 1n portion
248 of the register 68 1n the portion 253 of the internal bank
logic 210. A subsequent refresh operation 254 (after the
refresh operation 250) may thus be performed on the row
address 011 stored in the portion 253 of the internal bank
logic 210 or the portion 252 of the register 68. In this
manner, the memory device 10 may not skip refreshing a
row (e.g., Row 010), reducing memory leakage and/or lost
data.

FIG. 10 1s a circuit diagram of logic or increment blocking
circuitry 270 that may maintain refresh operations of the
memory banks 11 of the memory device 10 of FIG. 1,
according to an embodiment of the present disclosure. The
increment blocking circuitry 270 may be mcorporated 1n a
counter, such as the even bank refresh counter 52 and/or the
odd bank refresh counter 54, or in any other suitable portion
of the row address output circuit 50, the command address
input circuit 21, the command interface 14, and the like. In
particular, the mcrement blocking circuitry 270 may block
or prevent a counter, such as the even bank refresh counter
52 or the odd bank refresh counter 54, from incrementing.

As 1llustrated, an incrementing signal, CBRCNT 272,
may be output from the increment blocking circuitry 270 to
a counter, such as the even bank refresh counter 52 or the
odd bank refresh counter 54. In particular, the counter may
increment 1n response to CBRCNT 272 being pulsing high.

The increment blocking circuitry 270 may include first or
“increment determination” circuitry 273 that may determine
whether to increment the counter. As illustrated, the incre-
ment determination circuitry 273 outputs an increment
allowed signal, AllowCNT 274, which may indicate when to
increment the counter. Specifically, when a REF_, command
1s 1ssued, as indicated by a refresh all banks signal, All-
BanksRefreshed 276, AllowCNT 274 may provide a high
value. Similarly, when two REF_, commands are paired
(e.g., when a REF_, (Even) command 38 1s followed by a
REF , (Odd) command 60, or vice versa), as indicated by a
paired signal, Paired 278, AllowCNT 274 may provide a
high value. AllowCNT 274 may be combined with a count
pulse signal 277 that may provide a pre-block incrementing
signal 281 to increment the counter assuming the signal 281
1s not blocked. As such, when AllowCNT 274 1s high and the
count pulse signal 277 pulses high, the pre-block increment-
ing signal 281 may be pulsed high.

The increment blocking circuitry 270 may include second
or “blocking determination”™ circuitry 279 that may deter-
mine whether to block the pre-block incrementing signal
281. That 1s, when the memory device 10 violates the
specification of performing a multiple of two refresh opera-
tions belfore transitioning from operating in the FGR 2x
mode to operating 1n the FGR 1x mode or the self-refresh
mode, the blocking determination circuitry 279 may deter-
mine the pre-block incrementing signal 281 should be
blocked. In particular, a first mode transition signal, FGR2x-
to-FGR1x 280, may indicate when the memory device 10
transitions from the FGR 2x mode to the FGR 1x mode. A
second mode transition signal, FGR2x-to-Self-Refresh 282,
may indicate when the memory device 10 transitions from
the FGR 2x mode to the self-refresh mode.

I1 the least significant bit of the row address, as indicated
by a bit signal, LeastSignificantBit 284, 1s high when
transitioning from operating 1in the FGR 2x mode to oper-
ating 1n the FGR 1x mode or the seli-refresh mode (as
indicated by FGR2x-t0-FRG1x 280 and/or FGR2x-to-Seli-
Refresh 282), then the specification has been violated.
Alternatively, if LeastSignificantBit 284 1s low when tran-
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sitioning from operating 1n the FGR 2x mode to operating 1in
the FGR 1x mode or the self-refresh mode, the specification
has not been violated.

If the specification has been violated, an output (e.g.,
Jump 286) of latch 288 of the blocking determination
circuitry 279 1s high. Jump 286, when high, may block
propagating the pre-block incrementing signal 281 (e.g.,
tlipping the high value to a low value such that the pre-block
incrementing signal 281 does not propagate to CBRCNT
272). In this manner, the memory device 10 may avoid
skipping a refresh operation for a row, reducing memory
leakage and/or lost data. After blocking the pre-block incre-
ment signal 281 for a delay time (e.g., associated with a
refresh period), Jump 286 may change to a low value, thus
enabling the pre-block incrementing signal 281 to propagate
to CBRCNT 272, resulting 1n the counter incrementing.

While the increment blocking circuitry 270, the increment
determination circuitry 273, and the blocking determination
circuitry 279 are shown as specific logic arranged 1n a
specific configuration, i1t should be understood that any
suitable arrangement of logic may be used that blocks or
prevents a counter, such as the even bank refresh counter 52
or the odd bank refresh counter 54, from incrementing. For
example, the latch 288 may include any suitable type of
storage logic, such as a flip-flop.

FIG. 11 1s a flow diagram of a method 300 for maintaining,
refresh operations of the memory banks 11 of the memory
device 10 of FIG. 1, according to an embodiment of the
present disclosure. In particular, performing the method 300
may result 1n the example timing diagram 240 of F1G. 9. The
method 300 may be performed by any suitable device or
combination of devices that may determine 1f the memory
device 10 transitions from a first mode of operation to a
second mode of operation, determine a least significant bit
of a row address stored 1n a counter, and block incrementing
the row address. While the method 300 1s described using,
steps 1n a specific sequence, 1t should be understood that the
present disclosure contemplates that the described steps may
be performed in different sequences than the sequence
illustrated, and certain described steps may be skipped or not
performed altogether. In some embodiments, at least some
of the steps of the method 300 may be performed by the
increment blocking circuitry 270, as described below. How-
ever, 1t should be understood that any suitable circuitry or
component may perform the method 300, such as the row
address output circuit 50, the command address input circuit
21, the command interface 14, and the like.

As 1llustrated, the increment blocking circuitry 270
receives (process block 302) an instruction to refresh a row
address stored in a counter, such as the even bank refresh
counter 52 and/or the odd bank refresh counter 54, of the
memory device 10.

The increment blocking circuitry 270 then determines
(decision block 304) whether the memory device 10 transi-
tioned from an FGR 2x mode to an FGR 1x mode or a
self-refresh mode prior to recerving the 1nstruction. That 1s,
the increment blocking circuitry 270 may determine whether
the memory device 10 1s in the FGR 1x mode or the
self-refresh mode when it receives the instruction, and
whether the increment blocking circuitry 270 was 1n the
FGR 2x mode.

If the increment blocking circuitry 270 determines that the
memory device 10 did not transition from the FGR 2x mode
to the FGR 1x mode or the self-refresh mode prior to
receiving the instruction, the increment blocking circuitry
270 increments (process block 306) the row address stored
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in the counter. The imcrement blocking circuitry 270 then
refreshes (process block 308) the (incremented) row address
stored 1n the counter.

If the increment blocking circuitry 270 determines that the
memory device 10 transitioned from the FGR 2x mode to
the FGR 1x mode or the seli-refresh mode prior to receiving
the 1nstruction, the increment blocking circuitry 270 then
determines (decision block 310) whether a least significant
bit of the row address equals one (e.g., whether the row
address stored 1n the counter 1s odd). In particular, 11 the least
significant bit of the row address stored in the counter 1s
zero, then the number of refresh operations during the FGR
2x mode was even (e.g., the number of refresh operations
during the FGR 2x mode was a multiple of two or paired).
Otherwise, if the least significant bit of the row address 1s
one, then the number of refresh operations during the FGR
2x mode was odd (e.g., the number of refresh operations
during the FGR 2x mode was not multiple of two or

unpaired) and the specification was violated.

If the increment blocking circuitry 270 determines that the
least significant bit of the row address does not equal one
(e.g., equals zero), then the increment blocking circuitry 270
increments (process block 306) the row address stored 1n the
counter. The increment blocking circuitry 270 then refreshes
(process block 308) the (incremented) row address stored 1n
the counter

If the increment blocking circuitry 270 determines that the
least significant bit of the row address equals one, the
increment blocking circuitry 270 determines (decision block
311) whether the 1nstruction 1s associated with refreshing all
memory banks (e.g., a REF_, command) or operating in the
seli-refresh mode. If so, the increment blocking circuitry
270 blocks (process block 312) incrementing the row
address. In particular, latch 288 may output a signal (e.g.,
Jump 286) to block another signal that causes incrementing
the counter (e.g., the pre-block imncrement signal 281). The
increment blocking circuitry 270 then refreshes (process
block 308) the (unincremented) row address stored in the
counter.

If the increment blocking circuitry 270 determines that the
instruction 1s not associated with refreshing all memory
banks or operating in the self-refresh mode (e.g., a REF_,
command 1n the auto-refresh mode), the increment blocking
circuitry 270 blocks (process block 314) incrementing the
row address. The increment blocking circuitry 270 may then
perform (process block 316) a refresh same memory banks
operation (e.g., a REF_, command) on the row address
stored 1n the counter. The increment blocking circuitry 270
may then determine (decision block 318) whether the refresh
same memory banks operation 1s paired. This 1s because, for
refresh same memory banks operations, blocking the incre-
mentation of the counter (e.g., the pre-block increment
signal 281 of FIG. 10) may be performed twice—once each
for the even memory banks 12 and the odd memory banks
13.

As such, if the refresh same memory banks operation 1s
not paired, the increment blocking circuitry 270 may return
to process block 314 to block incrementing the row address.
In this manner, incrementing the counter 1s blocked for both
the even memory banks 12 and the odd memory banks 13.
If the refresh same memory banks operation 1s paired, the
increment blocking circuitry 270 then refreshes (process
block 308) the row address stored in the counter. In this
manner, the memory device 10 may avoid skipping a refresh
operation for a row, reducing memory leakage and/or lost
data.
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While the present disclosure may be susceptible to vari-
ous modifications and alternative forms, specific embodi-
ments have been shown by way of example 1n the drawings
and have been described 1n detail herein. However, 1t should
be understood that the present disclosure 1s not mtended to
be limited to the particular forms disclosed. Rather, the
present disclosure 1s intended to cover all modifications,
equivalents, and alternatives falling within the spint and
scope of the present disclosure as defined by the following
appended claims.
The techniques presented and claimed herein are refer-
enced and applied to material objects and concrete examples
ol a practical nature that demonstrably improve the present
technical field and, as such, are not abstract, intangible or
purely theoretical. Further, 1f any claims appended to the end
of this specification contain one or more elements desig-
nated as “means for [perform]ing [a function] . . . ” or “step
for [perform]ing [a function] . . . 7, 1t 1s intended that such
clements are to be interpreted under 35 U.S.C. 112(1).
However, for any claims containing elements designated 1n
any other manner, 1t 1s mtended that such elements are not
to be interpreted under 35 U.S.C. 112(1).
What 1s claimed 1s:
1. A method comprising:
receiving an instruction to refresh a row address stored 1n
a counter of a memory device;

blocking incrementing the row address when the memory
device transitioned from a first mode of operation to a
second mode of operation and an immediately previous
refresh operation was unpaired;

incrementing the row address stored 1n the counter when

the memory device did not transition from the first
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mode of operation to the second mode of operation, or
the memory device transitioned from the first mode of
operation to the second mode of operation and the
immediately previous refresh operation was paired; and

refreshing the row address stored in the counter.

2. The method of claim 1, wherein the method comprises
determining whether the immediately previous refresh
operation was unpaired based at least in part on the least

significant bit of a second row address associated with the
immediately previous refresh operation.

3. The method of claim 1, wherein the first mode of

operation 1s configured to enable a refresh command to
perform a refresh operation on one or more rows of a
plurality of rows of the memory device.

4. The method of claim 1, wherein the second mode of
operation 1s configured to enable a refresh command to
perform two refresh operations on two sets of rows of a
plurality of rows of the memory device.

5. The method of claim 1, wherein the first mode of
operation comprises an FGR 2x mode.

6. The method of claim 1, wherein the first mode of
operation comprises an auto-refresh mode.

7. The method of claim 1, wherein the second mode of
operation comprises an FGR 1x mode.

8. The method of claim 1, wherein the second mode of
operation comprises a seli-refresh mode.

9. The method of claim 1, comprising determining
whether the immediately previous refresh operation was
unpaired based on the least significant bit of the row address.
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